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I. INTRODUCTION
STUDY AUTHORITY

This Hurricane Evacuation Study is being conducted by the Corps
of Engineers, New England Division at the request of the State of
Connecticut. This investigation is part of a Naticnal, co-sponsored
effort between the Corps of Engineers and the Federal Emergency
Management Agency (FEMA). FEMA is delegated primary authority
through Executive Order 12148 (P.L. 93-288). FBEMA will function as
the program manager for this investigation and will provide partial
funding under the Authority of the Flood Plain Management Service
(FPMS) Program (Section 206 of the 1960 Flood Control Act as
amended) . ’

STUDY PJRPOSE

The purpose of this investigation is to identify the areas amd
population within the State of Connecticut vulnerable to the effects
of a potential hurricane landfall, and to estimate the time amd
corditions required to safely evacuate the study area.

The infrequency of hurricane landfalls along the northeast United
States coastline has created a camplacent attitude among coastal
populations toward their danger from hurricanes. This casual
attitude cambined with the rapid population growth of the coastal
areas has strained the ability of same state, county and local
goverrments to adegquately respond to the threat of a hurricane.
Fopulation growth in same areas has increased the required evacuation
time beyond the 12 to 16 hours of warning time which the National
Hurricane Center (NHC) believes it can confidently provide. The
course of a hurricane, its landfall point, and its intensity are
difficult to predict. Emergency respanse plans for the evacuation
and shelter of vulnerable populations must be developed which account
for all potential hurricane variables.

STUDY SQOPE

The Connecticut Hurricane Evacuation study will be conducted in
two phases. Phase I will camprise the development of a technical
document which will address the hazard, vulnerability, behavioral,
shelter and transportation analyses. Each of these topics is
outlined in detail in Section II of this report. The Corps of
Engineers, New England Division will have the primary responsibility
for the completion of this report. State and local agencies will
receive interim products throughout this phase for their review and
input.

FPhase II shall camprise the development of local guides and
public awareness information. Local agencies will have the primary
role under this phase of the study with assistance provided by the
New England Division.




STUDY OBJECTIVE

The abjective of the hurricane evacuation study is to provide a
technical assistance report fram which the state, counties and
mm1c~1m] ities can utﬂate or refina their mt1qt1m response nlang or
fonmlate new ones. 'Ihe study will be a ccmprehens:.ve effort
focusing on the entire state’s response to the threat of a
hurricane. The evacuation study will identify areas along the
Commecticut cocast vulnerable to hurricanes of various intensities,
direction and forward speed. The investigation will determine, for
several scenarios, the population at risk, how they would respond to
an evacuation order, ard how much time would be required to safely
evacuate the vulnerable areas.

The study will be designed to encourage cooperative efforts
between local emergency preparedness elements and their state
, and will attempt to enhance the utilization of the
information and advisories provided by the National Hurricane Center.

STUDY AREA

The study area for this investigation consists of the portions of
the Connectiart counties which border either the Long Island Sourd,
Block Island Sound, and cne or more of the low lying river systems.
These caamties include New Larxdoen, Middlesex, New Haven and
Fairfield. A location map of the study area is shown on Figure 1.

STUDY MANAGEMENT AND COORDINATION

The management of the Connecticut Hurricane Evacuation study will
be accamplished by the Corps of Engineers, New England Division. The
work effort will be divided into two phases. Phase I will involve
theca:plet;mofa'l\edmnal data req:ortbytheOorpsofErgmee.rs
Fhase II will consist of the preparation of implementation gquides and
public information material. This will be acoanplished by the State
or local civil preparedness organizations, with assistance from FEMA
and the Corps.

The Corps of Erngineers will maintain coordination with all
interested Federal, state and local agencies throughout the study.
Overall quidance will be maintained through two study coordination
groups consisting of an Executive Planning Cammittee and a Technical
Advisory Committee which will be established by FEMA, with the
assistance of the Corps and the State of Connecticut. The Executive
Planning Camittee will cansist of representatives fram the Corps,
FEMA ard appropriate state agencies needed to insure adequate
interjurisdictional coordination. This cammittee will provide
caments and recamendations concerning the conduct of the study.
The Technical Advisory Cammittee will be camprised of, but not
limited to, individuals from agencies or organizations with emergency
management responsibilities in the event of a hurricane threat. This
cammittee will review study tasks, gene.rateddata the use of the

data in the formulation of response plans, ard will support the

of each group will be scheduled by FEMA and the Corps.
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II. PHASE I - STUDY DESCRIPTICN

Phase I of this investigation will identify the areas of
population in the State of Connecticut at risk from a potential
hurricane and will determine the time and actions required to safely
evacuate the endangered population. This phase of the investigation
will conclude with a Technical Data Report which will document each
aspect of this investigation.

The Corps of Engineers and FEMA, through mumercus Hurricane
Evacuation Studies along the Gulf and Atlantic coastlines, have
developed a general study methodology for all hurricane evacuation
studies. The study methodology addressed each critical element

i to develop a hurricane preparedness plan. These guidelines
have been modified for the Commecticut study area and will be used
for this investigation. The following presents an outline and
explanation of each element of the study. An ocutline of the stidy’s
logic network is provided in Apperndix D.

HAZARD ANALYSIS

The hazard analysis will identify the Comnecticut coastal areas
and inland riverine areas which could be imumndated fram a hurricane
storm surge. The National Hurricane Center is developing a SLOSH (
Sea, lLake, and Qverland Surge from Hurricanes) mumerical model to
predict the impact to the shoreline frum simulated hurricanes of
determined intensity, direction and forward speed. Hypothetical
storms with intensities of 1-4 on the Saffir/Simpson scale
(Apperdix B), storm directions ranging from WNW to NE, and forward
speeds of 20, 40 ard 60 miles per hour (MPH). The results of each
storm will be analyzed and cambined with similar results to produce a
manageable mmber of synthetic storms. Preliminary profiles and
inundation maps will be prepared for each camposite storm to
determine initial evacuation zones. The results of this analysis
will be used in conjunction with transportation models and population
and behavioral survey data to calculate the time required to evacuate
the areas at risk.

VULNERABILITY ANALYSIS

The vulnerability analysis will include a camprehensive
evaluation of each hazard area identified by the SLOSH model
amalysis. The vulnerability analysis will include the development of
evacuation zanes, the identification of pre-landfall factors which
oould effect an orderly evacuaticon, the population within each
evacuation zaone, a shelter evaluation, and the identification of any
special considerations. The vulnerability analysis will be divided
into the followirxy tasks.

Evacuation Zones - The results of the SIOSH model will provide an
umrdatmnmapofhurncanastormsurgefartheentn'estateof
Connecticut. 'Iheunn'ﬂatedporuonsofthestatemlltedlvwed
into smaller evacuation zones. The division of the State will be
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determined by state and local civil preparedness agencies and should
conform to existing jurisdictions. The various evacuation zones will
be expanded utilizing Traffic Analysis Zanes, census tracts or other
local designations to facilitate future updating of the plan. Final
delineations should conform as much as possible to easily recognize

geographic features.

al - Each of the evacuation zanes will be
studied to identify pre-landfall hazards which could restrict or
impede implemented hurricane response plans. Same of the factors to
be considered are pre-landfall storm surge, inland flooding due to
rainfall, high winds and roadway erosion due to wave action.

Flooding of roadways frum rainfall preceding the storm or from
storm surge from an advancing storm could imundate roadways vital to
evacuation. Existing flood insurance maps will be used to evaluate
rainfall flooding hazards. The selected Time/History data from the
SLOSH model will be used for the pre-landfall surge analysis.

Wave action on coastal roadways can cause erosion to the pavement
surface ard subsurface resulting in the loss of potential evacuation
routes. Wave rumip analyses will be performed on areas which appear
vulnerable to wave induced erosion.

The most critical pre-landfall hazard which must be determined is
the arrival of gale—force winds prior to the storm landfall. This is
the most significant hazard related to the timing of an evacuation
order. The evacuation of the population should be campleted prior to
the arrival of gale-force winds. The arrival of gale-force winds
will be determined from the SILOSH Time/History data an computed wind
Speeds.

Population Study - The entire population-at-risk shall be emumerated
for each evacuation zane utilizing the best available source of
information. The data shall include both seasonal and permanent
populations, mmber and types of dwellings and the mmber of vehicles
within the threatened area. The mumber of mobile hame residents,
whether or not subject to storm threat, shall also be determined.

Institution Study - The huricane evacuation study will address the
problems associated with developing response plans for medical
facilities, mursing hames, detention centers, schools and other
institutional facilities which would require special consideration.
The analysis will include inventories of each type of institution
within each evacuation zone and a determination of its storm surge
susceptibility. This information will be cataloged and provided as
part of the technical data report.

tion Needs - The transportation needs of the
elderly, disabled, and cthers unable to vacate will be addressed
alorgthhthetrarsportauonmedsrequlredtoevamatethe
identified institutions. Allowances will also be made for motorists
who became stranded on roadways. This analysis will be closely
coordinated with appropriate state and local agencies.
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Shelter Analysis - The shelter analysis shall include inventories,
capacity evaluations and storm surge analysis of existing local
public shelters, projected additional shelter needs, amd shelter
duration analysis for the various local and reg:.cmal evacuation
scenarics. Existing shelter evaluations shall include inventories,
locations, capacities, and surge analysis of the region. Much of the
information will be cbtained from the local emergency management
agencies or other agencies having a responsibility for shelter
designation and management. The results of the surge analysis shall
be utilized to determine the suitability of existing shelters and
resultant capacities under the various evacuation scenarios.

The results of the population-at-risk and behavioral analyses
shall be utilized to determine the needs for additional public
shelters. Final determination of additional shelter needs and
assigment of shelter destinations to the various evacuation zdnes
will be made during the tmnsportatlm analysis phase of the study.
Minimm shelter duratJ.c:n for the various evacuation scenarios of the

AL . ST mrVIY A F e A WS

IEglOI‘I shali be pra:u.cca:.l us;l.rlg the SLOSH model’s time histories of

camputed wind speeds.

BEHAVIORAL STUDY

The purpose of the behavioral stidy is to develop reliable data
cmnernuqthee:q:ectedrespm’seofﬂxeaffectedardthemraffected
populatmm under var:.ous hurricane threats. The analysis will

1. Wwhen the threatened population will evacuate their hames in
relation to a given order.

- RSP SRR SNE 5
2. ‘Tne maber of vehicles the threatensd households would

utilize for evacuation, including towed vehicles.

3. The mmber of threatened households that would require trans-
portation or other assistance.

4. The pre-plarmed destination of the potentially threatened
population.

5. ‘The relationship of forecasted intensity to population
respanse.

6. The response of tourists to hurricane threats.

The behavioral analysis shall be canducted utllizmg available
behavicral data from historic hurricanes in the region, coordination
with local and state emergency management agencies and the results of
other behavioral data surveys as appropriate.

Campariscns of behavioral data campiled to date for 1rdepenient

hurricane evacuation studies indicate significant variations in
responsefmnonegeograﬂucareatoamtharforsmlarrmrncane
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threats generally do not occur. Sampling will be conducted to test
the applicability of existing behavioral data fram other geographic
locations. The response data will be used in shelter planning,
transportation modeling, emergency decision making, and public
awareness efforts.

TRANSPORTATION STUDY

'Ihepmposeofthetmrsportatmnstuiylstoxdentlfythe
evacl.lauon ruauway network amdg esumar.e the C.UIE IE;LIJ.I'EU to evacuate
each zone under various hwrricane soenarios. The transportation
analysis will utilize the information developed in the vulnerability
analysis and behavicral study in a camputer model to develop the
evacuation times.

CLEARANCE TIMES

Using the transportation model and other analyses, the wvehicle
travel times will be calculated in hours for evacuating vehicles to
reach their desired shelter destinations. The clearance time
estimates shall consist of mobilization time, travel time, and
qua:irgdelaytine. These estimates will consider the reductions in
roadway capacities based on ambient weather corditions and traffic

mrcrrd A 4= 3 e el Fimaddame o oty mederaaelee o mvrew e AT a0 s e
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times utilizing known traffic control points, internal travel by
those not evacuating, and the timing of public response to ordered
evacuations.

EVAQUATION TIMES

Preliminary evacuation order time shall be determined for each
county in the region and for each local and regicnal evacuation
scenario. A range of evacuation order times shall be determined by
adding the varying pre-landfall hazard times and evacuation clearance
times. The development of evacuation order times shall be
coordinated with local civil defense and other appropriate cammittee
representatives and finalized under Phase II.

TECHNICAL DATA REPORT

M 101 Aadka c!'hu-‘11:u:' rn11 e it Al rer  cvemy 1n:| 1A F
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mehazarﬂsamlysis Interim products of the varicus analyses such
as identification of vulnerable areas and evacuation zones, and the
result of the shelter analyses will be coordinated with state and
local agenczasardsul:mltted for their review during Phase I as each
ana.1y51s:|.sompletea All lntermpmmcsmlnemvlamny’thé
Technical Advisory Camnittee and are subject to the approval by
FEMA. The final Technical Data Report will contain all of the
interim products. It will include all maps, charts, graphs, tables,
and appendices necessary to detail the significant factors affecting
hwrricane evacuation in the State of Connecticut.




III. PFHASE II STUDY DESCRIPTTION

LOCAL IMPLEMENTATION

The planning effort that will be undertaken in Phase I will
provide officials in the State of Connecticut with quantitative data
an which evacuation decisions can be based. Under Phase II of the
study effort, FEMA and the Corps of Ergineers will assist local civil
defense/disaster preparedness officials to produce Implementation
Renorts or Guides for each comtv., These dooments will inclide

;rf;;natlm fmthe'nechmaai-fﬁta Report of Phase I which is
specific to a given county and which can be used as an additional

tool in making evacuation decisions.
TMPLEMENTATION GUIDES

These quides are intended to provide an orderly system for the
timely evacuation of those citizens amd visitors determined to be
rtsldzrgmhlghrlskareaswhentheuhvsorsafetyanemperued
as a catastrophic consequence of a hurricane. The guides will assign
responsibility and establish procedures for the coordinated efforts
of goverrment and volunteer agencies necessary to execute an
evacuation upon receipt of such an order. Information on the
cammication of evacuation orders will be detailed such as who has
the authority to order an evacuation and how that order will be
cammmicated. State ability to enforce maintenance of evacuation
plans will also be addressed. The format and content of the
inplementation guides shall be decided by officials in the State of
Cannectiart and its local camumities. The quide shall furnish
concise information and instructions to assist local state civil
defense and other emergency management organizations concerning:

1. The level of expected threat.

2. The area threatened.

3. The population-at-risk urnder the threat.

4. The facilities available to support public sheltering.

5. The transportation routes available for evacuation.

6. The timeframe available in which to conduct a safe evacuation.

7. Comumnication of evacuation orders.

8. Interstate agreements of coordinating mechanisms concerning
evacuation rautes, shelterirng, etc.

9. State goverrment abi.lity to enforve local goverrment
maintenance of evacuation plans.

Supporting the implementation quides shall be county and
region-wide maps that identify evacuation routes, locations of
traffic control points and shelter locations. These maps will be
provided to county and state emergency management organizations as
reference tools for the implementation guides.

FUBLIC INFORMATION MATERIALS

Public information materials may consist of tabloids for
dissemination at the beginning of a hurricane season and scripts,
maps, or video display materials for radio and television as
appropriate during a hurricane emergency.

=T =
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TESTING OF PLAN

The Corps of Engineers shall monitor a regim—wide hirricane
evacuation exercise d&s:.gned to test all major elements of the
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coordinated through FEMA. The exercise should test the capability of
the state and each commmity to identify the evacuation scenario it
is being confronted with, as well as the apparent scenarios
canfronting neighboring jurisdictions. Response by the state and
camtl&sdurmgtheexexcmwlllbesmzlatedmtheareasof
camunications, public warning, manpower/equipment deployment,
resources allocation, timing of evacuation orders, shelter
activation, emergency transportation and traffic control.

POST-EXERCISE CRITIQUE

Meetings shall be conducted with all participants following the
hurricane evacuation exercise to evaluate the plan‘’s capability to

Lven] mrvimends e mmere sl AR Eacvedrns Avrmewiade 3o A eiddmia el ol l
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bepreparedasdn-ectedbymmthatdoamentstheemmxsearﬂ
critique session proceedings, recamends any plan revisions, ard
identifies areas where future evaluations or training may be

necessary.
PROPERTY VULNERABILITY ANMALYSIS (OPTICNAL ANALYSIS)

A property vulnerability analysis will be included in the
Connecticut Hurricane Evacuation Study if sufficient funds are
available fram the study spansors: FEMA, the Philadelphia District,
and the State of Comnecticut. At a minhimum, the analysis shall
determine the fiscal losses that may ocour in the study area from the
various hurricanes modeled. The primary focus of the analysis will
center on identifying losses resulting from damage to privately and
publicly owned structures. The scope ard methods to be employed in
the property vulnerability analysis shall be negotiated between FEMA
and the Corps of Ergineers prior to Phase II.




IV, QOGNCLIISION

The results of the Connecticut Hurricane Evacuation Study will be
documented in a Technical Data Report, implementation quides, and
mublic information brochures or tabloids. The technical data report
wulcavermdetallthemajoranalysaﬁcorﬂxctedaspaxtofthls
study, identify the types and magnitudes of activities that will be
carried out to prevent a large scale loss-of-life and provide
sufficient information to enable local and state goverrments to draft
specific operating procedures for temporary relocation of vulnerable
populations.

Local implementation guides will be developed from data and
information in the Technical Data Report. The guides will be
simplified decision-making tools which allow emergency management
agencies to more accurately determine the vulnerable areas
populations under various hurricane threats; estimate public shelter
utilization; establish cammmications procedures; and determine the
time required to safely evacuate the threatened population for a wide
rarge of storm conditions.

Public information brochures or tabloids will inform the general
population of the specific hurricane preparedness instructions and
their specific roles (i.e., relative vulnerability and assigned
evacuation zZanes, routes and shelters) under the nurricane evacuation
plan developed. In addition, local officials will be encouraged to
develop audio/visual emergency public information material for use
during actual hurricane evacuation conditions.

Finally, State and local officials will be encouraged to give
support to local emergency management officials in their endeavors to
improve emergency response effectiveness. Their support will help
determine the success of future planning efforts
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STATE OF CONNECTICUY
EXECUTIVE CHAMBERS
HARTFORD, CONNECTICUT

WILLIAM A. O'NEILL
GOVERNOR

November 14, 1986

Mr, Henry G. Vickers
Regional Director

FEMA Region 1

John W. McCormack POCH

Rostoan. Magcacrhuseatts 02109
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Dear Mr. Vickers:

As the result of a meeting held on October 10, 1986, between
representatives of the State of Connecticut, FEMA and United States
Army Corps of Engineers, I am hereby requesting that FEMA, in
cooperation with the Corps of Engineers, initiate a Hurricane Pre-
paredness Study for the State of Connecticut. I understand that
development of this study requires no commitment of funds by the
State of Connecticut, but that certain aspects of the study may be
expanded in scope at the state's request at a later date with the

additional work funded by the state.

It is important to note that systems developed under the Hurri-
cane Preparedness Study will not address the possible effects of
extra-tropical storms which cause considerable damage along the
Connecticut coastline. Accordingly, I am requesting a cost estimate
for the development of a numerical storm surge model for extra-

-t m lmanta Lanwm ann h A mmadant i haina
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tropical storms. Only an estimate for such a projec
requested at this tinme.

The State of Connecticut looks forward to participating in this
very important program.

Siﬁcerely,

= U

WILLIAM A. O'NEILL
Governor
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- HARTFORD, CONNECTICUT

WILLIAM A. O'NEILL
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December 1, 1986

Colonel Thomas A. Rhen
Commander

U.S. Army Corps of Engineers
New England Division

424 Trapelo Road

.........

Waltham, Massachusetts 02254
Dear Colonel Rhen:

As the result of a meeting held on October 10, 1986,
between representatives of the State of Connecticut, FEMA and
U.S. Army Corps of Engineers, I am hereby requesting that the
Corps of Engineers, in cooperation with FEMA, initiate a
Hurricane Preparedness Study for the State of Connecticut. 1
understand that development of this study requires no
commitment of funds by the State of Connecticut, but that
certain aspects of the study may be expanded in scope at the
state's request at a later date with the additional work
funded by the state.

The State of Connecticut looks forward to participating
in this very important progranm.

Sincerely,

A ;"“f C""‘: * 'l I[ -
© WILLIAM A. O'NEILL
Governor
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THE SAFFIR/SIMPSON HURRICANE SCALE

The SaffJ_r/Smpson Hurricane Scale is used by the Natianal
Weather Service to give public safety officials a continuing
assessment of the potential for wind and storm—surge damage from a
hurricane in progress. Scale mumbers are made available to
public-safety officials when a hurricane is within 72 hours of
landfall. Scale assessments are revised reqularly as new
observations are made, and public-safety organizations are kept
informed of new estimates of the hurricane’s disaster potential.

Scale rumbers range fram 1 to 5. Scale 5 has been eliminated
fram this analysis as suggested by the National Rurricane Center, due
to the extremely low probability of a hurricane of this magnitude
ever landing as far north as the State of New Jersey. Scale No. 1
begins with hurricanes in which the maximm sustained winds are at
least 74 miles per hour, while Scale No. 4 applies to those in which
the maximm sustained winds are 155 miles per hour,

The scale was developed by Herbert Saffir, Dade County, Florida,
cansulting engineer, ard Dr. Robert H. Simpson, former National
Hurricane Center Director, and projects scale assessment categories
as follows:

Cateqory No. 1 - Winds of 74 to 95 miles per hour. Damage
primarily to shrubbery, trees, amd unanchored mobile homes. No real
damage to cther structures. Same damage to poorly-constructed
signs. lLow-lying coastal rovads immndated, minor pier damage, scme
small craft in exposed anchorage torn from moorirgs,

Category No. 2 - Winds of 96 to 110 miles per hour.
Considerable damage to shrubbery and tree foliage; same trees blown
down. Majordmxagetoe)msednmuehcmm Extensive damage to
poorly canstructed signs. Same damage to roofing materials of
kuildings; same window and door damage. Same structural damage to
small buildings. Mobile hames destroyed. Serious fleoding at coast
and many smaller structures near coast destroyed; large structures
near coast damaged by battering waves and floating debris. Low-lying
escape routes inland aut by rising water three to five hours before
hurricane center arrives.

Category No. 3 - Winds of 111 to 130 miles per hour. Foliage
torn fram trees; 1arqetresblwndwn Practically all
poorly-canstructed signs blown down. Same damage to roofing
materials of buildings; same window and door damage. Same structural
damage to small buildings. Mobile hames destroyed. Serious flooding
at cocast and many smaller structures near coast destroyed; large
structures near coast damaged by battering waves and floating
debris. Low-lying escape routes inland cut by rising water three to
five hours before hurricane center arrives.

Cateqgory No. -Wuﬂsofnltolsslnilesperhmr. Shrubs and

e Yl wren Srwar A1 misve Aleeem Thr-nmettm Aamarrs o v £ 1 vy
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materials, windows, and doors. Camplete failure of roofs on many
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small residences. Complete destruction of mobile hames. Major
damage to lower floors of structures near shore due to flooding ard
battering by waves and floating debris. Low-lying escape routes
inland cut by rising water three to five hours before hurricane
center arrives. Major ercsion of beaches.

Cateqory No. 5 - Winds greater than 155 miles per hour. Shrubs
and trees blown down; considerable damage to roofs of buildings; all
signs down. Very severe and extensive damage to windows and doors.
Camplete failure of roofs on many residences and industrial
buildings. Extensive shattering of glass in windows and doors. Sane
camplete building failures. Small buildings overturned or blown
away. Complete destruction of mobile hames. Low-lying escape routes
inland cut by rising waters three to five hours before hurricane
center arrives.

Dr. Neil Frank, former National Hurricane Center Director, has
adapted atmospheric pressure ranges to the Saffir/Simpson Scale.
These pressure ranges, along with a mmerical break-down or wind
ranges, are listed below:

NUMBER MILLIBARS INCHES {MPH) DAMAGE,
1 980 28.94 74-95 Minimal
2 965~-964 28.5-28.91 96-110 Moderate
3 964965 7.91-28.47 111-130 Extensive
4 920-944 27.17-27.88 131-155 Extreme
5 <920 <27.17 155+ Catastrophic

B-2
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APPENDIX C
SLOSH MODEL

INTRODUCTION

The SLOSH (Sea, Lake and Overland Surges from
Hurricanes) computer program is a numerical computer model,
developed by the NWS, designed to forecast the abnormal rise
in water level caused by the wind and pressure forces of a
hurricane. This rise in the water surface which accompanies
a hurricane is referred to as the storm surge. The SLOSH
model computes the storm surge over water and along the
coastline and extends the computations inland over the
coastal flood plain. The results of the model can be
utilized along with topographic information to determine the
hurricane inundation zone.

A five-year program to adapt the SLOSH model to 22
geographic areas, or basins, along the Gulf Coast and the
Atlantic coast began in 1981. The basins, shown in Figure 1,
were developed roughly in their order of vulnerability to
hurricane storm surges.

Although other models and methods have been used, the
SLOSH model is considered to be the most sophisticated and
appropriate for the hurricane evacuation studies. Other
models have yielded reliable surge heights at the coastline,
but are restricted to the open ocean environment. The SLOSH
model has been designed to route the simulated hurricane
storm surges into bays, estuaries, and coastal rivers. The
model alsc has the capability of calculating storm surges
over land masses such as islands, barriers and over the
coastal terrain until the sur?e height is negated by the
topography. This complexity 1n the mathematical model

roduces a more accurate and realistic simulation of the
impact an area can expect from potential hurricanes.

THE MODEL

The SLOSH model consists of a set of equations which
govern the change in the height of the water surface. These
equations are derived from the Newtonian equations of motion
and the continuity equation, applied to a rotating fluid with
a free surface. The equations are vertically integrated from
the sea bottom to the sea surface. This results in a quasi
one layer model with a free-surface upper boundary, the sea
surface, and a rigid lower boundary, the solid earth. Since
the purpose of the model is to provide estimates of the flood




potential at the coast and inland, the coastline, which is

a physical boundary, is placed in the interior of the model
domain. The equations of motion are numerlcally solved along
with a finite amplitude term, which is retained for the
inland flooding calculations. An explicit finite difference
scheme is used to numerically solve the equations on a
computer.

The SLOSH model computes water heights over a
geographical area covered by a network of grid points. This
network, or model domain, is called a basin. The grid system
is telescoplng and polar, and contains over 5000 grid points
located on lines extending radially outward, varying from 0.5
miles near the pole to 5.0 miles farthest from the pole.

This variation 1in Spac1ng results in fewer grid points over
deep water and a higher density grid over land where the
surge heights are of more interest. The model is tailored to
each individual basin by u51ng bathymetrlc and topographlc

ma data to a551gn a water uept‘.n or t.erraln HElgnt to each
grid point.

The SLOSH model can allow for the overtopping of
barriers or the impeding of the flow of water. The model can
determine the impact of barriers of significant size in
relation to the host grld square. Types of barriers which
are typically included in the SLOSH analysis include dunes,
levees, spoil areas, natural ridges, reefs and various man-
made structures. The model can also address sub-grid size
cuts associated with river channels and between barriers. As
the hypothetical storm approaches, the barrier restricts flow
until the surge height exceeds the assigned height of the
restriction. Once the restriction is overtopped, the
computer activates the grid squares behind the barrier and
commences calculating the storm surge. Conversely, as the
storm surge recedes, the computer will terminate calculations
in these squares once the surge height falls below the
barrier height.

The SLOSH model is also equipped with a hurricane wind

mrndal Tha innnt pnrnmnfnrt: for each run include the
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p051t10n (1at1tude and longitude), central pressure and storm
size (distance from storm center top radius of maximum -
winds). These parameters are entered at six-hour intervals
starting 48 hours prior to landfall and ending 24 hours after
landfall. No information is entered regarding the hurricane
winds. The internal SLOSH wind model produces a vector wind
field throughout the basin by balancing the forces according
to meteorological input parameters.




MODEL ACCURACY

The accuracy of the SLOSH model has been evaluated using
approximately 540 surge observations from historical
hurricanes. The SLOSH model is programed to approximate, as
accurately as possible, the precise track of a historical
event. The computed surge values are then compared to the
corresponding observations to determine how well the model
performed relative to the actual storm. The surge
observations were obtained from tide gage information, staff
records and high water marks. These observations were taken
throughout the area affected by the surge, at the periphery
and along the inland water bodles. A statistical analysis of
the observed data vs. the calculated surge values determined
an error range of + 20 percent for the significant surges
with a few cobservations falling outside the boundary.

Figure 2 shows a graph of the Observed Surge Heights vs. the
Forecast Surge Helghts.

CONNECTICUT STUDY

The hurricane surge data for the Connecticut Evacuation
Study is based on the SLOSH model for the Long Island Sound
basin. This basin encompasses the coastlines of New York,
Connecticut and a small portion of New Jersey. The basin
data was completed in 1985 and was calibrated using Hurricane
Gloria and other historical information. The pole of the
grid system is located in the area of New York City. The
grid resolution for the Connecticut study area is larger than
the New York area, but still yields satisfactory results. A
view of the Long Island Sound Basin with an overlay of the
grid system is shown on Figure 3. An overview of the Long
Island Sound grid system applied to the Connecticut study
area is shown in Figure 4.

Simulated storms varying in intensity, direction of
movement, forward speed, and landfall location were selected
for the Long Island Sound Model. The storm parameters were
selected by the National Hurricane Center (NHC)} based on
historical information and their assessment of the
meteorological climate in this region of the country. The
NHC selected six (6) possible storm directions ranging from
NE (N4SE) to WNW (N67.5W) at an interval of 22.5 degrees.
Each of the storm tracks were run with hurricane intensities
ranging from Category 1 to Category 4, based on the
Saffir/Simpson scale, and forward speeds of 20, 40 and 60
mph. This provided a matrix of potential hurricane threats
to the Long Island Sound area. Several combinations of the
selected storm parameters were not considered in the
analysis. 1In the opinion of the NHC, storms moving with a
strong westerly component would only result when influenced
by a strong blocking front. This would eliminate the
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Climatological conditions requlred for a fast moving storm,
such as the 1938 event, moving on a westerly vector. To
account for this condltlon, the NHC only simulated westerly
storms with a forward speed of 20 mph. The NHC also
eliminated the 60 mph component of storms with a strong
easterly direction for the same reason.

Storm tracks for each of the hypothetical storms were
selected at 15-mile intervals to evaluate the potential storm
surge over the entire study basin. Coney Island, New York
was selected as the reference point, or zero p01nt for the
analysis. All potential storm tracks which could impact the
SLOSH basin were run for each selected hypothetical storm
condition. A total of 533 hypothetical hurricanes were run
for this model.

The SLOSH model has the capablllty of providing
hurricane surge helghts and wind velocities at a specific
location relative to time durlng a simulated hurricane. The
points, called Time/History points, are selected in areas
where severe flooding is expected or where evacuation could
be difficult. The points for the Connecticut study area were
selected by officials of the State of Connecticut with
assistance from the Corps and the National Hurricane Center.
The Time History n01nts will provide stillwater heights,
windspeeds, and wind directions at 10-minute intervals for
the duration of the hurricane. The Time/History points
selected for the Connecticut study area are shown on Table 1.

MODEL OUTPUT

The model output for each of the storms will consist of
a surface envelope of water which represents the maximum
calculated surge heights at each grid square 1ndependent of
time. These vaiues are ulspxdycu on printouts on which the
grid points are referenced by a system of coordinates. The
model output also includes the Time/History point information
for surge heights and wind data. The results of each model
run are combined into Maximum Envelopes Of Water (MEOWs) by
storm category, direction, forward speed or any other
combination of parameters. Individual storm runs will be
combined into MEOWs due to the uncertainty in predicting the
storm track of an apprecaching hurricane. The Long Island
Sound model will produce 52 MEOWs. These MEOWs will be
further compiled by reviewing the similarities between the 52
original MEOWs in order to develop a product usabie by the
local emergency management agency.
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TABLE 1

CONNECTICOT BURRICANE EVACUATICN STUDY

Program_Name

HARHAHILL
GROTON
NERLONDON
NORKRICH
MILSTONE
OLDSABRK
BADAM
HAMONASET
THHBLISL
E. BAVEN
NEHHAVEN
H. HAVEN
MILFORD
STRATFORD
BRDGEPORT
HESTPORT
HORHALK
STAMFORD
SHPPANPT
GRNCH. COC
PRT. CHSTR

LONG ISLAND SOUND SLOSE MODEL
COHNECTICOT TIME/HISTORY POINTS

Location

Hatch Hill
Groton

Hew London
Norwich
Milstone

0ld Saybrook
Hadam
Hammonagsset
Thimble Island
East Haven
Hew Haven
Hest Baven
Milford
Stratford
Bridgeport
Restport
Norwalk
Stamford
Shippan Point
Greenrich Cove
Point Chester

I _Node

72
70
70
70
68
67
67
65
63
61
60
59
57
56
54

51
49
46
45
44

4t

J_HNode

55
L1
57
58
56
57
59
56
57
58
59
59
58
S9
59

59
5Q

59
59
59
59
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PRE-LANDFALL HAZARD TIMES

Tha Timn/“\c{'nr}! nni-?ni- from the SILOSH model will he

used to determine the pre-landfall hazard time. The pre-
landfall hazard time is defined as the period evacuees will
be exposed to hazardous winds and surge effects prior to the
hurricane landfall. The pre-landfall hazard time begins at
the arrival of gale-force winds (sustained 40 mile per hour)
or when critical roadways or bridges are inundated from pre-
landfall storm surge. The Time/History data will allow local
officials to accurately estimate when an evacuation order
should be given to avoid these conditions,

WAVE ANALYSIS

The SLOSH model will not provide data concerning the
additional heights of waves generated on top of the still-~
water storm surge. Generally, waves do not 51gn1f1cant1y add
to the inundated area and usually can be ignored except for
locations with open coastline exposure or the shorelines
of very large bays. Since near-shore wave phencmena under
hurricane conditlions is not well understocd, it is assumed
that for the _open coast the maxlmum theoretlcal wave heights

s T S S~

occur near the time of landfall. Due to the preseince of
structures, dunes, or vegetatlon, the waves break and their
energy dissipates within a few hundred yards of the
coastline. For evacuation purposes, it is more important to
calculate wave heights for less than gale force windspeeds.
The rational here 15 to determine when critical areas may be
inundated by wave action accompanying the stillwater surge
and whether such inundation adds to the pre-landfall hazard
time. Calculations of wave heights for potentially critical
areas will be made using the shallow wave formulas contained
in the Corps’ Shore Protection Manuals.
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PROJECT SCHEDULE AND LOGIC NETWORK

Department of the Army
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TABLE D-1
CONNECTICUT HURRICANE EVACUATION STUDY
STUDY LOGIC NETWORK

PROJECT TASK I _NODE J _NODE DESCRIPTION

Time/History Points 10 20 Select critical locations along
the Connecticut study area.

Model Verification 10 20 Final check of the SLOSH input
data prior to the hurricane
simulations.

Initial Ipundation HMaps 10 0 Develop an initial map base for
prelim 1nary evaluation of the
SLOSE output.

SLOSH Model Runs 20 30 Run the Long Island Sound SLOSH
model.

Draft Plan of Study (POS) 10 40 Develop the scope of work for the
study to be referenced as the
POS.

POS Review 40 80 Provide copies of the draft POS
to FEMA and the state and local
agencies for their review and
comments.

Final POS 80 100 Evaluate comments and develop the
final scope of the study.

Contract Behavioral Study 10 &0 Initiate contracting procedures
for the behavioral study.

Award Behavioral Contract 60 110 Award a coentract for the
behavioral study.

Conplete Behavioral Study 110 150 Complete the behavioral study for
the Connecticut study area.

SLOSH Data Analysis ic 50 Evaluate the results of the SLOSH
model.

Initial Coastal Profiles 50 70 Develop preliminary profiles of
the Connecticut coastal area from
the SLOSH data.

Local SLOSH Review 70 90 Provide the SLOSH data to the
State and local officials.

Local SLOSH Evaluation 90 100 Determine how the SLOSH data

should be used in preparing
evacuation plans.




‘a3

TABLE D-1 (Continued)

CONNECTICUT HURRICANE EVACUATION STUDY

PROJECT TASK I NODE J NODE
Determine Final Map 90 130
Base
Existing Evacuation Plans 90 100
Vulnerability Analysis 100 120
Connecticut Tide Profile 10 130
River Analysis 50 130
Initial Evacuation Zones 120 130
Population At Risk 120 150
Institution Analysis 120 140
Emergency Transportation 140 150
Shelter Analysis 120 150
Final Evacuation Zones 130 150
Vind Analysis 130 150
Vave Analysis 130 150
110 150

STUDY LOGIC NETWORK

DESCRIPTION

Determine the final map base
to be used in presenting the
evacuation plans.

Collect existing evacuation plans
from the State and local
agencies.

Update the Connecticut tide
profile.

Evaluate the SLOSH data for the
coastal river systems.

Develop preliminary evacuation
Zones.

Deternine the population at risk
from a landfall hurricane.

Evaluate the special
considerations which should be
part of the evacuation scenario.

transportation needs wb1ch would
be part of evacuation scenario.

Determine the existing shelter
capacity and its location and
vulnerability.

Develop the final evacuation
Zones.

Determine potential impacts to
evacuation from gale force wind
exposure.

Determine the impacts to
evacuation from prelandfall wave
action.

'U

etermine the impacts to
evacuation from prelandfall
flooding.
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TABLE D-1 {(Continued)
CONNECTICUT EURRICANE_EVACUATION STUDY

STUDY LOGIC RETWORK

PROJECT TASK I NCODE J NODE
Contract Transportation 10 150
Study
Award Transportation 150 170
Study
Complete Transportation 170 180
Study
Determine Clearance Times 180 190
Determine Response Time 190 200
Develop Decision Tools 190 200
Complete Technical Data 200 210
Report
Public Information 210 220

DESCRIPTION

Initiate the Transportation
Stuly contract procedures.

Avward the contract for the
Connecticut study area
transportation analysis.

Conmplete the transportation
analysis.

Determine the time required to
safely evacuate people from the
evacuation zZones.

Deternine the total amount of
time to conmplete an evacuation.

Develop decision tools to assist
the State and locals respond to a
hurricane threat.

Complete a Technical Data Report
outlining the study results and
recommendations.

Develop informational
publications to assist in
implementing the evacuaticn
plans.
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